ABSTRACT The equilibrium dissociation constant (K d ) and the maximum binding capacity (B max ) of receptors for parathyroid hormone (PTH)/parathyroid hormonerelated peptide (PTHrP) and calcitonin (CT) in the membrane fraction of the calvaria and the kidney of chickens were examined from 1 d after the hatch up to 24 wk of age by the use of radioligand binding assays. The K d values of the PTH/PTHrP receptor in both tissues were decreased at 10 and 24 wk in female birds, whereas the values were increased at 24 wk in male birds. The B max
INTRODUCTION
In avian reproduction, large amounts of calcium are required to form the shells of eggs successively for long periods as well as to form fetal skeletons (Gilbert, 1971; Johnson, 1986) . To maintain the maternal bone structure despite the vigorous calcium demand, there must be present efficient and unique mechanisms for calciotropic hormone regulation in egg-laying birds. Patterns of bone loss over the lifetimes of laying birds vary depending upon the reproductive state (Fleming et al., 1998) . Maturity of the skeleton is accompanied by retardation of bone growth and fusion of the epiphyseal plates (Kwakkel et al., 1998) , with an increase of circulating levels of estrogen at the start of sexual development (Short, 1980) . On the other hand, the skeleton in males is usually larger and more massive than in females in various species of animals (Short, 1980) . The occurrence of the spurt of the pubertal body growth coincides well with the growth of reproductive organs (Kwakkel et al., 1995) . In White Leghorn pullets, the spurt of the pubertal body growth is found at approximately 19 wk of age and reaches 2001 Poultry Science Association, Inc. Received for publication November 13, 2000. Accepted for publication April 9, 2001. 1 To whom correspondence should be addressed: kawasima@cc. gifu-u.ac.jp, yasuoka@cc.gifu-u.ac.jp. 1231 values of the PTH/PTHrP receptor in both tissues were decreased at 10 wk and returned to baseline at 24 wk in female birds. The values were increased at 24 wk in male birds. The K d and B max values of CT receptors in the both tissues were constant during the experimental period in female and male birds. The results suggest that the binding properties of PTH/PTHrP receptor and of CT receptor may be influenced by gonadal hormones relating to sexual maturation.
maximum at approximately 20 wk (Kwakkel et al., 1995) . Onset of egg laying starts at about 20 wk of age (Kraintz and Intscher, 1969) , and the maximum gain of the pubertal body growth spurt is found at 14 to 15 d after the onset of egg laying (Kwakkel et al., 1995) . However, the precise mechanism for hormonal control of the skeletal maturation of the chicken has been an enigma particularly for the divergence of bone structures associated with sex.
In the present study, the binding properties of parathyroid hormone/parathyroid-related peptide (PTH/ PTHrP) and calcitonin (CT) receptors were examined on the calvaria and the kidney of male and female chickens (Gallus domesticus) from 1 d to 24 wk of age.
MATERIALS AND METHODS
White Leghorn chicks, 1 d after the hatch, were purchased from a local hatchery, and were segregated at random. Five birds in each sex were housed in a cage, and the birds were kept under 14 h (0500 to 1900 h) light/ day with feed and water ad libitum. Equal numbers of male and female birds were killed (15 birds at a time)
by cervical dislocation at 1 d, 5 wk, 10 wk, and 24 wk of age. The calvaria and kidneys of both sides were excised immediately for the preparation of membrane fractions. In the female chickens used in this study, the first eggs were laid at 18 wk of age, and the 50% rate of lay was 22 wk of age. The weekly rate of egg production of the female chicken reached a peak at 24 to 28 wk.
Membrane fractions were prepared by a method previously described (Yasuoka et al., 1996 (Yasuoka et al., , 1998 . The membrane fraction in homogenate was divided into 1-ml aliquots and stored at −70 C. Protein concentrations were measured by method of Lowry et al. (1951) using BSA 2 (Fraction V, pH 5.6) as a standard.
Chicken [Tyr 36 ]PTHrP (1-36) amide 3 and CT 3 were iodinated with Na[
125 I] 4 using iodogen 5 (1,3,4,6-tetrachloro-3α,6α-diphenyl glycoluril) as reported previously (Yasuoka et al., 1996 (Yasuoka et al., , 1998 . The iodinated PTHrP and CT were separated from free Na[
125 I] using a 1 × 100 cm Sephadex G-25 6 column pretreated with 1% BSA Fraction V, pH 5.6. The specific activity of [
125 I]PTHrP and [
125 I]CT was calculated as 581 ± 22 (n = 14) Ci/mmol and 517 ± 56 (n = 12) Ci/mmol, respectively. All assays were performed not later than 45 d after radioiodination.
PTHrP and CT binding assays were performed similarly to those previously reported (Yasuoka et al., 1996 (Yasuoka et al., , 1998 . For the PTHrP binding assay, membrane fractions (calvaria, 30 µg protein/tube; kidney, 10 µg protein/ tube) were incubated with various concentrations (calvaria, 0.18 to 5.6 nM; kidney, 0.14 to 4.6 nM) of [ 125 I]PTHrP in the presence or absence of 1 µM unlabeled PTHrP (Yasuoka et al., 1996) . For the CT binding assay, membrane fractions (calvaria/kidney, 30 µg protein/ tube) were incubated with various concentrations (calvaria/kidney, 0.2 to 4.0 nM) of [
125 I]CT in the presence or absence of 1 µM unlabeled CT (Yasuoka et al., 1998) . Incubations were performed, in duplicate, in a total volume of 300 µL at 4 C for 1 h. We used 1.5-mL microfuge tubes pretreated with TE buffer (50 mM Tris 7 -HCl, 1 mM EDTA, 7 pH 7.4) containing 2% BSA. Immediately after incubation, the tubes were centrifuged at 10,000 × g for 10 min at 4 C. The precipitated pellet was rinsed with 1 mL TE buffer, followed by recentrifugation. The radioactivity was determined with a gamma counter. Specific binding was calculated by subtracting the nonspecific binding (in the presence of unlabeled hormone) from the total binding (in the absence of unlabeled hormone) and expressed as femtomoles per milligram of protein.
The equilibrium dissociation constant (K d ) and maximum binding capacity (B max ) were obtained by Scatchard's method (Scatchard, 1949 To determine the statistical significance of the difference between two means, Student's t-test was used. Statistical comparison among means of more than two groups was performed by one-way ANOVA. When AN-OVA was significant, the Tukey's multiple-range test was employed for the posthoc comparison (Snedecor and Cochran, 1980) .
RESULTS
The K d of PTH/PTHrP receptors in the calvaria was not statistically different between 1 d and 5 wk of age for female or male birds (P < 0.05) (Figure 1) . Decreases of the K d value of PTH/PTHrP receptors in the calvaria were found at 10 and 24 wk of age in female birds (P < 0.05), whereas male birds showed an increase at 24 wk of age (P < 0.05). The calvarial B max of PTH/PTHrP receptors was increased at 24 wk in male birds (P < 0.05) and was decreased at 10 wk in females, returning to the initial level thereafter in the females (P < 0.05) ( Figure  1 ). The K d of PTH/PTHrP receptors in the kidney were also unchanged between 1 d and 5 wk of age in both sexes (P > 0.05) (Figure 1 ). Reduction of the K d value of PTH/PTHrP receptors in the kidney occurred at 10 and 24 wk of age in female birds (P < 0.05). However, the value of PTH/PTHrP receptors in the kidney was not changed at 24 wk of age in male birds (P < 0.05) ( Figure  1 ). The B max of the renal PTH/PTHrP receptors decreased in female birds at 10 wk of age (P < 0.05). The B max value of renal PTH/PTHrP receptors in male birds was constant at 1 d, 5 wk, and 10 wk of age (P > 0.05), but the value increased at 24 wk of age; the results were similar with the calvaria (P < 0.05) (Figure 1 
DISCUSSION
Prior to the puberty (1 d and 5 wk of age), the K d and B max of the PTH/PTHrP receptors in the calvaria and kidney were not significantly different between female and male birds. In the precocial chicken, the bones used for locomotion, such as the shank and tibia, already constitute a large proportion of body weight at the hatch (Kwakkel et al., 1998) . The binding affinities of the PTH/ PTHrP receptor in the calvaria and kidney, manifested by the decreased K d values, were increased at 10 and 24 wk of age in female birds, whereas the binding capacity of the calvarial and renal PTH/PTHrP receptors in male birds were highest at puberty (24 wk of age).
The hen has a significant increase in the plasma total calcium, phosphorus, and magnesium by 18 wk of age, and egg laying starts at 20 wk of age (Kraintz and Intscher, 1969) . There is a steady increase in the length of the femur and tibia from 1 d to 20 wk of age in males, but in females it reaches a plateau at about 12 wk (Matsuzawa, 1981) . The pubertal body growth spurt occurs at about 19 wk of age, and age at maximum gain of the pubertal body growth spurt is about 20 wk (Kwakkel et al., 1995) . An interval of 14 to 15 d exists between maximum gain of the pubertal body growth spurt and the onset of egg laying (Kwakkel et al., 1995) . These results allow speculation that the increased binding affinity, FIGURE 2. The equilibrium dissociation constant (K d ) and the maximum binding capacity (B max ) of the calcitonin (CT) receptors in the calvarial and renal membrane fractions of female (᭺, calvaria; ᮀ, kidney) and male (᭹, calvaria; , kidney) birds at various ages. Data were obtained by the use of Scatchard analysis. Each point represents the mean of three experiments obtained from three separated pooled samples at various ages, each performed in duplicate. Vertical bars are 1 SEM, and when not shown SEM is less than the dimension of symbol. Significant differences at P < 0.01 by Tukey's multiple-range test are designated by different lower case letters by the points. The horizontal line connecting sets of means represents nonsignificant differences by Tukey's multiple-range test (P > 0.05).
i.e., decreased K d value, in the hen may represent an adaptation to the increased calcium demand for the eggshell formation, and the increased binding capacity in the osseous and renal PTH/PTHrP receptors may coincide with the predominant skeletal maturation in the rooster, particularly after the puberty. Treatment of the male birds with estradiol for 2 wk mimics the increase in renal adenylate cyclase activity and PTH/PTHrP receptor density observed in the egg-laying hen (Kraintz and Intscher, 1969) . In our previous study, an injection of estradiol-17β (E 2 ) or progesterone (P 4 ) to the nonlaying hen induces the decrease of K d and B max values of the osseous and renal PTH/PTHrP receptors, whereas dihydrotestosterone does not induce an appreciable change in the properties of PTH/PTHrP receptors of either tissue (Yasuoka et al., 1996) . Plasma concentrations of E 2 and P 4 are increased between 5 and 24 wk of age (Tanabe et al., 1979 (Tanabe et al., , 1981 . Therefore, the increase of binding affinity, as well as the decrease of binding capacity in the osseous and renal PTH/PTHrP receptors in hens, and the relative increase of the binding capacity in roosters, may be a consequence of the modulation of PTH/PTHrP receptors in the bone and kidney by E 2 and P 4 at the puberty.
The CT has been considered as the physiological antagonist of PTH in terms of lowering the effect of the plasma calcium concentration by inhibition of bone resorption with stimulation of renal calcium excretion (Austin and Heath, 1981; McKenzie et al., 1990) . However, the precise role of CT in avian bone metabolism has not been established in terms of the hypocalcemic effect of CT (Kenny, 1986) . Kenny (1971) reported that CT was already circulating at supramaximal concentrations so that the administration of exogenous CT should have no further effect on calcium and bone metabolism. Recently, Klandorf et al. (1997) reported that concentrations of plasma CT did not correlate with plasma total calcium concentration, but plasma CT concentration was reduced by food restriction and exposure to continuous light. As the hens were kept in individual cages under 14 h (0500 to 1900 h) light per day with feed and water provided ad libitum in the present study, concentration of plasma CT concentration might not have been influenced by feeding or photoperiod. Eliam et al. (1988) suggested high levels of circulating plasma CT and relatively few CT receptors as the cause. In this study, the K d values of CT receptors in the osseous and renal tissues did not show any appreciable change in female and male birds. The K d values were equivalent to those in laying hens and lower than those in nonlaying hens (Yasuoka et al., 1998) . The high-affinity of CT receptors during the experimental period from 1 d to 24 wk of age may represent an increased affinity of CT receptors to fit vigorus calcium demand for the skeleton during the growing period (Gilbert, 1971; Johnson, 1986) , as reported during pregnancy and lactation for mammals (Toverud et al., 1978; Stevenson et al., 1979) and during the ovulation-oviposition cycle in laying hens (Yasuoka et al., 1998) . The maximum binding capacity was also statistically constant during experiment between 1 d and 24 wk of age. The B max value was relatively low and was equivalent to that in laying hens (Yasuoka et al., 1998) . The decreased binding capacity in the growing period may represent a subsequential change of binding capacity secondary to the increased affinity. Similar phenomena of CT receptors have been reported previously for the bone and kidney (Yasuoka et al., 1998) .
